Researchers who study any intervention must rule out potential alternative explanations for their results by establishing that the program being investigated is implemented with fidelity.
which these environments incorporate Montessori practices. Therefore, this study's purpose was examining the suitability of instruments assessing Montessori Early Childhood (EC) and Elementary (EL) teachers' instructional practices.
Review of Literature
Fidelity evidence is crucial for demonstrating adherence to a model being investigated, allowing for consistency and replication. Without it, conclusions are limited because it is impossible to rule out confounding factors (Vartoli & Rohs, 2009) . Maria Montessori developed her Method of education more than a century ago initially to demonstrate that education of children with disabilities was possible. Today approximately 20,000 Montessori schools exist worldwide; 4,500 exist in the United States, including roughly 500 public programs (NAMTA, 2015; NCMPS, 2015) . While the research base has grown along with proliferation of Montessori schools in recent years, rigorous evidence of Montessori effectiveness is limited (Marshall, 2017; Lillard et al., 2017) . A consistent challenge is providing evidence of authenticity of the programs being examined due to numerous interpretations of what constitutes Montessori education (Wentworth, 1999) .
Fidelity Measurement
Before discussing the issue of fidelity in the context of Montessori education, we provide an overview of the concept of fidelity measurement. In simplest terms, Century, Rudnick, and Freeman (2010) contend that "programs consist of essential features that must be measured to determine whether a program is present or not" (p. 201). In education research, fidelity measurement is a means of documenting that an intervention was implemented as planned. Researchers who are studying any intervention must examine issues of fidelity in order to establish internal validity as a means of ruling out potentially confounding factors or alternative explanations for the resulting impacts that are found (Feely, Seay, Lanier, Auslander, & Kohl, 2017; Mowbray et al., 2003; Stains & Vickrey, 2017) . Well-developed fidelity measures can improve study power as well (Mowbray et al., 2003) . Issues of fidelity can also have impacts for program administration, but that is beyond the scope of this discussion. Mowbray and colleagues (2003) outline three steps in the process of the construction of a valid fidelity index. First, they suggest that developers must identify possible critical components of the program, which are often based on input from experts or documented explicit descriptions of the program and includes sources for each of the identified components. However, the researchers caution that: Mowbray and colleagues (2003) advise that developers collect data to measure the components, ideally using multiple data sources. Third, they indicate developers should examine the critical components in terms of their psychometric properties, including reliability and validity.
Following a process similar to Mowbray and colleagues' (2003) three steps, Feely and colleagues (2017) outline a process in their "Field Guide to Fidelity Measurement":
1. Defining purpose and scope 2. Identifying essential components 3. Developing the tool 4. Monitoring fidelity during study
Using fidelity ratings in analysis
The same process is undertaken in the present study.
A common way to conceptualize the critical components of fidelity in developing a measurement tool is through considering structural components and process components. Structural components are generally considered features that relate to the framework of the intervention, while process components relate to how the intervention is implemented with respect to teachers and students (Century et al., 2010; Mowbray et al., 2003; Stains & Vickrey, 2017) .
In examining the literature regarding development of fidelity instruments, Mowbray and her team (2003) identify five approaches often used to analyze their psychometric properties; one of these is an examination of the internal structure of the empirical critical component data through approaches such as confirmatory factor analysis (CFA), cluster analysis, and/or internal consistency reliability. The use of a CFA approach in analyzing the structure of critical component empirical data is supported by other authors as well (Century et al., 2010; Stains & Vickrey, 2017) . The present study follows these recommendations through CFA as well as item response theory approaches to allow for a better understanding of the internal structure of the data gathered through the measures being piloted.
When using fidelity measures in research, some tools calculate total fidelity scores and/or incorporate specific scoring interpretation and cut-points for defining acceptable levels of overall adherence to the intervention model. Century and colleagues, however, follow a process that examines gradations of implementation accounting for a range of possible critical components, in particular combinations considering their impact on student outcomes, in order to understand the roles that particular critical components play (Century et al., 2010; Stains & Vickrey, 2017) . As a first attempt at developing a fidelity measure for Montessori education, the present study follows Century and colleagues' approach in allowing for a range of possible critical component scores without establishing ranges of acceptable performance. Such values may be developed through subsequent use of the instruments in further research studies.
In conclusion, it is important to remember that, while valid fidelity evidence is expected in research examining the effectiveness of interventions, issues of adaptation versus strict replication are also being explored in the field of education. Authors recognize that often very real situational considerations lead to the necessity or even desirability of adaptation that stand in direct contrast to the kinds of implementation purity that make for the strongest research designs (Mowbray et al., 2003; Century et al., 2010; Stains & Vickrey, 2017) . In the context of Montessori education, Dr. Mira Debs' 2019 book, Diverse Families, Desirable Schools: Public Montessori in the Era of School Choice, highlights how some efforts throughout history to preserve Montessori fidelity inadvertently limited its expansion in public programs that serve more diverse communities. She specifically references the number of teacher training programs operating independently from universities and the expense of Montessori materials as examples. Therefore, any discussion about Montessori fidelity must acknowledge potential impacts of focusing too narrowly on instructional practices without considering the larger context.
Measuring Montessori Instructional Practices
Researchers have used a variety of tools in attempts to measure the fidelity of Montessori environments they study, but most of these tools lack an extensive psychometric foundation and are labor intensive, requiring in-person observation. The instrument used in the South Carolina statewide Montessori study required trained Montessori educators to assess environments (Riley Institute for Education Policy, 2016). Lillard (2012) measured time spent with traditional Montessori materials as a gauge of authenticity. The issue of implementation fidelity is critical for Montessori education in particular because research shows that higher-fidelity programs are associated with better student outcomes (Lillard, 2012) . So, a more robust and efficient method of assessing fidelity would be valuable. Daoust (2004) examined Montessori EC program implementation and classroom practices through a cluster analysis identifying four groups of teachers: (1) traditional following strict Montessori practice, (2) contemporary including some elements of authentic Montessori but to a lesser degree, (3) blended incorporating some traditional and Montessori practices, and (4) explorative incorporating traditional and Montessori practices but reflecting an autonomy-supporting orientation to classroom management.
Classroom practice variety is also evident in research conducted by Daoust and Suzuki (2014) , who surveyed 444 public elementary Montessori teachers. Cluster analysis was used to classify the Montessori educators into meaningful groups. Post-typological analyses indicated significant differences between the identified clusters. For example, the three identified clusters differed by work period length and the extent to which children could choose their snack time. Their findings highlight an association between teacher and school characteristics and the enactment of authentic practices as useful for establishing and sustaining high-quality Montessori elementary programs in the public sector.
In summary, a high-quality, efficient fidelity instrument for Montessori education is needed and would provide the opportunity to improve the quality of future research studies on instructional practices and Montessori outcomes. The purpose of this study was to examine the suitability of items included in instruments assessing Montessori EC and EL teachers' instructional practices.
Methods

Instruments
Following the steps recommended by Mowbray and colleagues (2003), we first developed items for the Teacher Questionnaires of Montessori Practices based on extensive review of original works of Maria
Montessori along with recommendations of respected Montessori organizations, writings of Montessori experts, and results from prior research examining Montessori implementation. Broad areas of focus organizing the individual items in the instruments align with inputs described in the Logic Model for Montessori Education proposed by Culclasure and colleagues (2019) . Documentation of specific sources supporting the inclusion of each item in the instruments is provided in Appendices B and C. Because instructional practices differ substantially between student age groups in Montessori classrooms, 3-to 6-year-olds in EC, and 6-to 12-year-olds in EL, a separate questionnaire was developed for the EC level and the EL level, which represent the bulk of Montessori classrooms (NCMPS, 2015) .
Experienced Montessori teachers and teacher educators as well as psychometricians with significant experience in instrument development provided feedback on draft versions of the Teacher Questionnaires of Montessori Practices, and earlier versions were piloted with another sample of teachers. Based on a review of pilot study results, revisions were made resulting in the instruments that were tested in this study. The revised questionnaires were reviewed by an expert panel of Montessori teacher educators, including 10 from the EC level and 13 from the EL level.
A total of 26 items rated on a 4-point Likert scale ranging from strongly disagree (1) to strongly agree (4) were included in the EC instrument, and 33 similarly rated items were included in the EL instrument. Appendix A includes the items as they were administered to participants. In addition to the items for fidelity analysis, we gathered information on professional characteristics of teachers, classroom descriptions, and teacher demographics.
Procedure
The two instruments were programmed using the Qualtrics survey platform for email distribution that contained anonymous links for potential participants. Each instrument required an average of 15 minutes to complete. Approval for this study was obtained from the University of Kansas Human Subjects Committee.
Participants
Two groups of participants provided data for this analysis. In the first group, Montessori teachers at the EC and EL levels in an existing database maintained by Montessori Compass, an online record-keeping system, were invited to participate in the study. Survey links were emailed by the company to 6,033 subscribers and were also posted on the company's Facebook page to encourage participation. Almost half of the emails were opened (n = 2,776); 15 percent of those who opened the email responded (n = 407). Some teachers could have been from the same school, but it is not possible to account for this possibility because of the anonymous nature of the recruitment and response.
In addition to the participants recruited from Montessori Compass, the authors posted a link in the Montessori Research Interest Facebook group to invite EC and EL teachers to participate. This Facebook group, at www.facebook.com/groups/508077912670003, is a forum for both professionals and laypeople to share research, thoughts, and opportunities; the group has more than 7,000 members.
Incorporating these additional participants and removing participants who failed to respond to any items brought the final sample to 242 for the EC data set and 170 for the EL data set. Only teachers, co-teachers, assistants, and interns from both sample sources were included in the analysis, which excluded school administrators and teachers of special subjects such as music and physical education. As outlined in Table 1 , the majority of participants were lead teachers, worked in private schools, had Montessori credentials, had a median of 7 years of teaching in Montessori classrooms, and were White, non-Hispanic. Although striking, this lack of diversity and prevalence of employment in private schools are typical of a recognized issue for Montessori education (Debs, 2016) . Current estimates indicate that roughly 80 percent of Montessori programs are in private schools, so the preponderance of teaching professionals from private schools in our sample is not surprising (NCMPS, 2019).
Analysis
We considered the common approach of conceptualizing the critical components of instructional practices as structural and process for our Montessori fidelity model (Century et al., 2010; Mowbray et al., 2003; Stains & Vickrey, 2017) . We decided to separate the process component into two subcomponents, curriculum and freedom, because freedom represents a fundamental aspect of Montessori education that could be conceptualized as functioning differently than other elements of Montessori practice. As a result, we hypothesized three constructs to represent the concept of Montessori fidelity based on the fidelity literature combined with previous research and a thorough review of the literature regarding Montessori philosophy and practice (Culclasure et al., 2019; Daoust, 2004; Daoust & Suzuki, 2014) . Although individual indicators differ, these three factors included classroom structure, curriculum, and children's freedom and apply both to EC and EL Montessori practice.
We provide a basic outline of our analysis procedures and results here in the main body of the article (see Figure 1) ; more details are available in the Technical Appendix for those who are interested. First, we used SPSS (Version 24) to conduct Pearson correlation analysis and obtained the correlation coefficients among items within each construct, comparing the results to a previous pilot study. Next, using the "lavaan" package (version 0.6-2) in R (Rosseel, 2012) , we conducted confirmatory factor analysis (CFA) loading all items onto three constructs based on theory (i.e., structure, curriculum, and freedom). Factor analysis is often used in psychometric analysis of instruments providing validity evidence for hypothesized constructs (Floyd & Widaman, 1995) . The robust maximum likelihood (MLR) estimation method was used. Discussion of the reasoning behind selecting this method as well as issues of multivariate normality and missing data are provided in the Technical Appendix.
Finally, using the mirt package in R (Chalmers, 2012) , we conducted unidimensional item response theory (IRT) calibration with graded response models (GRM) to estimate each item's parameters and plotted the item characteristics curve (ICC) for each of the items within each of the three constructs (see details in Technical Appendix). These items have no single correct answer, so we used IRT to describe the data with the rating scale measuring degrees of agreement with Montessori instructional practices. We estimated b-parameters (i.e., item difficulty) and a-values (i.e., item discrimination) because IRT is based on the concept that it is possible to separate a person's responses to items from their underlying performance on the latent construct the scale is measuring (Hambleton, Swaminathan, & Rogers, 1991) . In this case, ability would represent a teacher's degree of Montessori fidelity. For the purposes of the IRT analysis, we collapsed all responses of 1 and 2 because there were two items for which no participants responded with 1, and across almost all items the proportion of 1 responses was very small. 
Results
Descriptive results from all items initially examined are provided in Table 2 for EC and Table 3 for EL where stronger levels of agreement would be expected to reflect higher-fidelity Montessori practice. As mentioned previously, agreement tends to be skewed toward the positive end of the scale for most items. Further analysis of the univariate skewness and kurtosis of these items is provided in the Technical Appendix.
Initial CFA model results incorporating all items suggested promise with all but two of the paths significant, but model fit statistics indicated improvement was possible with details provided in the Technical Appendix. Therefore, we used IRT to identify items that could be removed from the scale to improve the instruments.
Based on results of IRT analysis, we dropped items with an inversed ICC (i.e., lower ability has a higher probability of agreement) or a flat ICC (i.e., suggesting that items do not discriminate among participants). Table 4 shows the number of items before and after eliminating items from each data set. Although with 242 EC and 170 EL participants, sample sizes for these two groups are smaller than typically recommended for these analyses, the models converged and results suggest relatively strong model fit, particularly in the improved model, as evident in the Technical Appendix (Lewis, 2017) . Tables 5 and 6 with model fit statistics available in the Technical Appendix. The b-mean parameters for the retained items range from −0.025 to −2.55, and the a-parameters range from 0.63 to 4.22. We can say that the larger the b-mean is, the more people selected the lower ends of the scale representing lower fidelity; the smaller the b-mean is, the more people selected the higher ends of the scale representing higher fidelity. By looking at the b-mean value, we can tell if more people agree or disagree on the statement. A larger a-value indicates the item is more discriminant, meaning the responses are more spread to distinguish different degrees of Montessori practices. A smaller a-value indicates the opposite (Edelen & Reeve, 2007) .
IRT analysis produced item parameters shown in
After deleting problematic items, we ran a CFA analysis on the reduced set of items for both EC and EL. While the benefit of using a CFA approach is the ability to quantify model fit, there is not one generally accepted measure to evaluate the results. Instead, it is suggested that multiple fit indices be used (Thompson, 2004) . We examined the most commonly reported indices: (a) chi-square (X 2 ), (b) comparative fit index (CFI), and (c) root mean square error of approximation (RMSEA). Results from the initial CFA with all items included are provided in Table 7 along with the improved model fit statistics for comparison purposes.
A statistically significant chi square indicates that the model is not effectively reproducing the observed patterns of relationships. Our final CFA results showed a nonsignificant chi square at an alpha level of .05 for the EC sample but a significant chi square for the EL sample. However, our CFI values for the EC and EL improved models were both above .90, indicating excellent fit, and we found RMSEA values well below .08, which is considered indicative of an adequate model (Browne & Cudeck, 1993) . The Technical Appendix contains details regarding the factor loadings both before and after items were removed from the analysis. Therefore, we conclude that the models for each age level with three latent factors fit the data to an acceptable degree. Although the model fit for the three-construct CFA model outperformed that of the one dimension of Montessori fidelity, model fit was improved when the factors were allowed to correlate, as shown in Table 8 . More details about the CFA analysis, including the significance of the paths, are provided in the Technical Appendix.
Finally, internal consistency of the refined total scales and their respective subscales was measured using Cronbach's alpha. Cronbach's alpha is commonly reported for studies of instrument validity because it provides information about the degree to which all the items in a scale measure the same construct. Simply stated, Cronbach's alpha has a range of possible values between 0 and 1 and can be thought of as the correlation of a scale with itself. The total EC scale with 18 items had a coefficient alpha of .82 with the 6 struc- Table 2 Response Proportion on EC Items by Construct (some items shortened for space) (Tavakol & Dennick, 2011) . 
Item
Discussion
Results suggest that three hypothesized dimensions of Montessori fidelity (structure, curriculum, and freedom) work well in describing EC and EL practices. Furthermore, items in the final analysis did a reasonable job of reflecting the performance of this sample of Montessori teachers on these dimensions. However, further study is necessary before recommending use of these instruments as vetted tools for widespread use in research projects. While promising, results suggest that further refinement of items in these fidelity instruments with larger and more diverse samples is necessary.
Limitations of this study include small sample sizes and relatively homogeneous samples of Montessori teachers, which could introduce bias, so it will be important to expand future applications of these instruments to strengthen the evidence for its use in a variety of contexts and with larger and more representative samples. Specifically, since our models were modified post hoc based on this particular sample, sampling bias could limit the replicability of these results. Furthermore, these instruments are based on teacher self-report, which will require further research to confirm alignment with actual observed practices. Next steps in investigating the validity of these fidelity measurement tools for research purposes involve incorporating the scales into studies of other aspects of Montessori education to investigate relationships with these constructs as well as outcome measures while understanding that additional evidence to support the appropriateness of using this tool is necessary at this point in its development.
To facilitate the use of the Teacher Questionnaires of Montessori Practices, we encourage other researchers to contact us about using these instruments in their work and to help us continue to build a dataset for examining their psychometric properties. 
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